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1020030027879 #^ <y*}: 2003/12/2 

[AHflg] ^ajggjAH 

[aai^si mm 

[^£!xH] 49 si 3- 

[*^bHs] 0040 

[fllSSXI-] 2003.04.30 

[&S2| §§] Ml 2^ 01 01 XI £]AH£| 

[B*9£l UNIT PIXEL FOR CMOS IMAGE SENSOR 

[*sei] 

[S3] ^*|S|A|- moiH^yExii 

[§§!&I3E] 1-1998-004569-8 

rcHBieji 

[ CH £| Bl 2 = ] 9-2000- 1 00004-8 

[xissbeiah ebiai- gxia, ^ e.i Ah si^si, ^ e.i ai- ^mm 

[^mm^mm^m 2000-049307-2 

[^S°J S^S^Il LEE, Won Ho 

[^SIS^ES] 720807-1182513 

156-091 

[t^I AHS^^AI §2,^ A^S 105SJXI £!S0K)HflE 407-1408 

[^3] KR 

^§ia XII42££| 7?£!0il SJSKX ¥121- &0| «S»L|CL CH£|oi 
^Sjgoj (01 ) 

[^IgtSS] 20 3 29,000 SI 

PKiHSaS] 7 2 7,000 a 

0 a 0 m 

telAFS^S] 0» OS! 

[©•311] 36,000 S! 

[§¥AHW] 1. fiofAH- SA)|Ai(£S)_1S 
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£ 57fl^ MICM" g±r #$]§±^3] Hfl^^sflo^ «V^.g. ^»)*>^ #5.^^ 

— (FD)^(- -=^olti.H^^l^Ei^ tIMs^ M-fr H *l-£-^ °] ^sM^l 

£ 4 

o)v}*] AjlAi, ^DlB^^iB], tH^^lM, W^wfl^ -£-E^o^ ^ 
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1O20030027879 %^ <y*>: 2003/12/2 

°H*1 41*1 ^ ^^{UNIT PIXEL FOR CMOS IMAGE SENSOR} 



-£ 3afe IJ-^SJ -MaHH <>M*1 ^SM^ u}Ef^ 3}S5., 

£ 3b ir £ 3a£] 3:^5^^ *#^r M-e}-^ 

5L 4^r 51 3«fl 5L*m ^ 1 efloic>o r t E) 

£ 5^ £ 42} c-MH^l^Ei ^ ^71^ iAleV 5=£, 

-E 6^ 51 3<H1 3^1 € ^sMi^l ^2eflolo>^- £) 

51 7^8r 51 6^ DjnlH^^l^Ei ^ #S.^^>ii^ £A] *V . 

31 : afll^^ 32a, 32b, 32c : 4|2#^<a^ 

33 : S^^^B^^I^e^ Tfloje 34 : al^e efl^j >- E ^ TflolH 
35a, 35b : I^SH^liEl^ 7lMH 
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10030027879 



#3 ^*>: 2003/12/2 



36a, 36b, 36c 



37 : € 



38 : tH^-^ 



39 : ^ £-^<y-# 



o]v)x] a$*)o\) ^o.S. ( ^} *}S.+ o)u]7] ^o]} ^ ^olcf. 

^tiV^ol cj^^o] ^SMiCUnit Pixel )^ ^M"^ 3££t}o]^i= 

(Photodiode; PD)^ v-fl 7 fl^ NMOSCTx Tr, Rx Tr, Sx Tr, Dx Tr)5. ^€^t. 

Ml 7flS] NMOS^r SJ£4°l-2-^(PD)<HH 3^r€ ^^i^K Photo-generated charge)!- #3.^ 
(Floating Diffusion; FD)-2-S £^>7l B^i^H^l^ (Transfer 

transistor; Tx), iiJEL^l ^» 4^^>ji ^*KC pd )l- wfl#*H 

^(FD)^- e)^! (Reset )^l7l7l ^BSfl*]^ (Reset transistor; Rx) , 

5*1 ir-^-7| (Source Follower Buffer Amplif ier) ^^h§- ^.er 0 liiH^fl^l^Ei (Drive 

transistor; Dx), ^^.efl^ (Addressing)^- *t ^ ^ l^HH^liEl 

(Select transistor; Sx)S ^slcf. 

^J^* *to)±- s]i£^ ( ^-^1 ^^.o] l£4ol^c (PD) ^ 47fl ^ NM0SFET.5L ^3^r 
M]3.^ o] u]x]^x\*\ £_o}jl oic(-. 47fl^ NM0SFET ^ B^^B^*]^ (Tx)^ i 
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1020030027879 ^^ <£z\: 2003/12/2 

£4°]^(PDHH sg^Q %^*}^r #^^tf-i^E.(FD)5. 3r4^Rr ^^§- f>}JL, El^H^l 

-H, ^-2}°]^-H^^liEi(Dx)^ i^s^Sfl (Source Follower)^ fs}uj , ^lijEE^^I^ 
(Sx)fe ifl^ (Switching) ^ <H-!=efl^ (Addressing)* ^^r ^ojcf. £^oflA^| 'Cffe 

3*1 ^ M-H^l M^fl^l^E^(LD)^- u>o]<>|^ ^<a-(Bias Voltage; V b )<Hl sj*f| ^S^tt S = 

<2i> £ 2a^ £ is} *]2.i ^^if q-E}^ ell^l^SoljL, £ 2bfe #S 

<22> £ 2a ^l £A]sJ H>«4 ^-o], H^i^H^fl^l^E^ 7flo]H7} ZL ^^o] iStfol^^ 7 > 

#51 i£rfol^( PD ) S «.Ei #S^^&iiJ=(FD)3.fe ^ ^(bottle neck effect)!- ^ 

<23> ZLE]jI ( #S.^^-AV^=(FD)1- f^3°-3. #*r3 o]^ S^H^H^E-URx), - 

<24> nej:a, =Erolw e^^)> lE ^( Dx)i ^BH«*l^B|(Sx)7l- iflx^fe P 3 IfitPWH ^ 
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# 

1020030027879 <Qz\: 2003/12/2 

<25> ^Hfl 7 ] ^9] #3)$.^ 5 7flo^ S^(MICT)* £tt*\}, Hfc^B^^l ^ 7lMm<H] ^ 

Tx« ^7>*>7l *Tx CT\ jE.ej-o]ti.E^xliE^ ^Mb* 

7} ^tb -FD CT'^f -Dx CT\ ^^^^^1 ^s]tt ' VDD CT' , i&JflSMi^ 'output 
CT'o] 91^. 

<26> £ 2a^- #2fl 7l#oflA-l «.H^^1^E^ |^HE^]A E j 7 | fl^^fe € 

(Retrograde well) ^tr °1 ^ S3 °fl M *1 7]- ^7}^-ofl ccj-ej- ^HH^) ^ 

Bsflol = ^=( trade-off) ^Tfl* -fr*l*Hr &t\]7} ^cf. 5Etr, ^efl 7l#^ ^Tfl 
^^ofl ofe} S)-^ p *g ^(extended p-type well) ^7}S. 3*5.3. v}^3., 

°}^^ ^ — 3^7)1 7> ^7}£H 4#*fl*l*r &^l7> 5£4. ^, # 

2fl 71^ p^ 4i3, p^ € *fl<*l(chain) °]£r^°J, p^ € 4i3 ^7^ 3^31 ^3°. 

<27> ^efl7l^^r £ 2b°fl 5*1^ ^-o] t ^s^^JtS. (FD)sq- 5 eM ^.H^l^ 

TflolH(Dx)^-^ <^^o] #^<^^ ^eno] M1CT, ^«fl^ Ml, s^o] MICT^ 

33.* **IH ol =-^^^5. A]^^^-ol uflJjL ±Q ^.g. 01 cf. St!- M1CT ^9] ^ 7^ 
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1020030027879 #^ ^7}: 2003/12/2 

<28> =LV\5L, ^Hfl 7l#^ 57fl^ ^Wfl^^ (M1CT)# SHrdl, o] £0) Tg*. 



^7ltb ^2fl 7)#S] Sfl^H ^*fl 4l7>o) ^ojiy 

^^1 SE^-E- ^-^^r 57fl ^ MICH 4^ tifl ^ ^sll^ H s v ^-i: ^l^RrCil aJ^J. 



A oM ^. M]5L+ o]u]t] &$\^±±r Z.^o) SLB. , 

^-71 i£4°l^-^ A>oio]i ^^-=efl<y ^S7} ^^slJi TflolBS. ^ll^H-^^« 

TllolH^ ^l2^1^A]Jll- o]7j-a>^ H^^H^l^ , 7ll o]^ 7 } ^7) ^3.*$ ^h^B. 

oil ^#e1ji ^.eflojoi A o > 7 i ^^^<y-^oii ^^51 =el-oiti. B ^^^ E ^ TflolH^l ^l3^HAisl- 

0] 7 ].ti>0.^ ^eflolol ^-71 H.5]-ol_H E ^flxl>iE^ ±^o\) ^^oj 7}A]o] #^1cH ^ 

26-7 



1W0030027879 #^ Qz}: 2003/12/2 

SEth AjiA^ ^SM^ 5L£cfo]^c 7 |. 

#S^^ii^.7> *Hl<8^, #7] ^ll^^AS^-Ei >^7l ^11-^^^^ Bf^ « c > 

^S^olH, ^ ^7} i%^ + ^?}o} <3#£M ^} ^2^ W# 7>5.*1 
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0030027879 #^ 2003/12/2 

<35> £ 3a-cr *]aHH olnl^l o) ^^-^ 141=}. 

S. 3a^ ^#*] n^^i 5££cfol^.c( PD )^. 47^ NM0SFET5. o1d|X|^a^ 

<36> £ 3a°fl ^o], 47 fl^ NM0SFET # (22)^ ££4 0 15.^ 

(21HH ^€ 1-5.^^^(23)3. £r^*Rr *>J1, ^^!H^^)iBl(24)^ 

^#3.^3*1 ^ , I^HB ^1^(26)^ i^^l ^ ^Ee|^!|- s^ofl 

^ H"^^, ' OUtput' ^ M-El-vfltf. ^ Uj-I^ E^flxl^Ei 

(25)3 = efl<em*}<4 ^jB^liElsj =ell^l^H ^^^}(WD)7} ^<L£. ^^JL 

<37> 5. 3a^l ^EHHsMi^ (25)3 i^^>sq- #^^^^=(23) 

>M-°H NM0SFET(27)(°l€r} 'l^n) B^liE] • Sj-jl ^^-)7> 5fc3l , o] cju] 

^(27)fe ^-^^<y-o] ^^(^fr ^2]-^<y-)^.cf ^g- B^fl^l^Ei^i ^^LH ^"Bfl* 

-fr*l*Kn 9X^. ^^i, C-Id] h ^1^(27)^ #3sMi« T 2 -^^ H^^l^EiS. ?J-^3r>^l 

ojS.*) £ Mj-^o} cf^gj.^^ ^Hfl7l#^] ^2M^4 *^*M1 47fl^ H^l^S. ^ 
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1020030027879 #<3 <&z\: 2003/12/2 

^1^(27)1- = 3WlLH€*l^K25) -^-E^l ^^^£.5.^, =£)-ol ti_E^^)^ E ^(25) 
#ff-7> l-S^^ic^(FD)^S. ^fKf*l ^>£^- « 0 ^1W. 
<39> s. 4^ £ 3*11 *\}l$)°}°}-$:5.o]z±, 

<40> £ 4 6)| £A]^ w><4 ^ol, 5LSc]-ol^H.7l- XI 1%^^^ (31)31- X|l*^ «8 «| (31)^1 

3AiE] S JfEi <3#£H Xll^^^(31)^ Ej-# SL^eH Xl2%^ <S <3 (32a, 

32b, 32c) ^€4. 
<4i> #3*1 iL^, Xl 1%^<3^(31)£ #^5M^ cfl^ofl ^-sqnj, o]^ 5 

We ^^EKfill factor)7> ^efl 71^1 al^fl ^7f*vq-. ^sfl 7 j^H^ ^scfol^. 
^£)^r ^r^^l efloio^^Ai t^SM^ *j Xl^M ^^ofl ^x=HMl 

<42> zlsIji, Xl2%^ c §^(32a, 32b, 32c)^r X|l*^^^(31) ^M^l -2 El ^Bfl^ 

^sl-it ^*RrHl, Xll#^*8^ (31)2} S.A^^.JfEi Xll^^(32a)2f ^-71 XI 

l c g < ^(32a)^-5.^-Ei X]l%^^^ (31)^1 E}^ £A-]s1 ^ Xl2«^ ^ (32b)4 Xl2<3<3 

(32b)^.S.Y^ Xll*^^^(31)2] S.^s1^1 <£*J-<g Xl3 c §^(32c)^.S ^€4. a} 71^, xU 
^^(323)-^ E^^E^j^E) ^ #s^^Vii=7> <S^°1^ , Xl2^^(32b)^r =21- 

o] ^^^e^ ^Bjl BB ^J^^Ei7> ^ J7 > X]3^^(32c)^r ^^^(VDD)^ e) 

$^*\^B\7\ ^^m. om^}^. °H, Xl2^^(32b)^- 1S(37H £]sfl tfli^jl ^cf. si 
^H^fl^l^Eiaf =e]-o] H.H^^l^Ei7> ^^sl^ Xl2^^(32b)ol ^Je^^e^ 
^1^7} ^^51^ Xll^^(32a)2l- Xl3 c §^(32c)^.S BlHoV^oflAl 
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€(37)2] <3^°1 ^ 91^. ^efl ^>^1 ^l^ofl 4ef ^s^M 3.7}?} 

<43> ZL^Jl, ^11*^^^(31)4 *fl2#^<3^ ^]l^^(32a)^- ^tJ"^- ^ofl B^i^H^ 

^l^E^ 7flolB(33)7> ^^1^>J1, ^l*^ "3 (31)4 ^12%^^^^ ^13^^(320)^: # 
^-<H1 Bl^H^^l^^ 7flolH(34)7l- *])2%^^ ^2 e a^(32b)3|- afl^s) 

^BeHB(35a)4 ^B^H B(35a)B JfEj ##SH ^2^^(32b)^ Jul*}-^ # 

$=£.3. afl^l^ ##^(35b)S ol^^^i ^JlEE^^E^ 7flo}B7> ^^^rf. o^ 7 |^ ( 
^-(35b)^ ZL #^ol 1^^(31)4 1^3*1 ^ ^o]-i- £j7 ^^^4. 

< 44 > H21-o1he^1±b|S1 t(MH7} *}2%^ <S ^ $-$3fetfl, e^jB^l^ 

B^s] TjHH^ ^ofl ^12%^^^^ ^12^^ (32b) 4 VJ fl- 7}5.xl5^r afll^D^B 

EM = (36a), ^U# H oH^B£}-°lB(36a)S.^-Ei <3#s]<H *fl2%^ <3 ^l2^^(32b)4 
u fl*13fe 5HHMiHeMH(36b) ^ SH^HiiM = (36b)3.-¥-El <S#£)<H *H2%^<3<3 
^ ^12^^ (32b) A o VJ fl- 7fS^5b ^l2^«J-^±:HiL)-o]H(36c)S T^^tf. , ^efo] a. 

B^*]^ TflojH^ °>^-^Hl^ ^BB^l^E^ TllolH^ ##^-(35b)» °K-l*Hr 

<45> =s^o]ti.E^^> lE ^ 7floiH# °l^Rr »l2#U-^He|-ol5.(36c)fe- e-Hb3!*1^ 

E^ 7l]olB ^^8: c^lB^^|^Ei7> ^12*^^^^ 
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1D20030027879 ^^ 2003/12/2 

*Ul<8^(32a)°l ^I2^^(32b)^l ^^S^r tM=K H.eM 7\\°\^ ^ 

£r *M-^ n>^-3|*>7llfe ^^^-^ (butting contact, 38)-g- = ej-o] ^} 

Si ol^l^l ^J^H^c-fl nfl-f -B-el^cf. 

<46> VDD CT, Tx CT, output CT^ ^r^^) MlCT-g- i-MMfe ^ o. 

S, «^€-^(38)-§- ^3 ^fla^fe. 471]^ M1CT7] . ^^s)c^ o^cf. o]^ 

MlCT^l ^7}- 57fl<?l ^ -g- 4711S. tiflc^^Bfl^^- ^^1^- ^ ^-g-i: 

<47> £ 4^1 ^ , ^-^^oj-o) nfl-f t^p] e ^j^i^e^ c^o] a_E^xl>iEi^ TllolH* ^ 

^ ^l2#«o v ^Hel-ola(3 6c )oii ^«fl ^s^cfl, ;^2^lHh£BBMi£(36c)Sl ^«-s.^-e^ # 
S^3KKti=7} ^1^^ (32a) 31 ^-¥-^1 °-^^oj-^( 3 9)o. ^--d-. ^, 

^ £-^#°*HK39)£: ^l2^ y J-^H^ols(36c)5l ^2}- ^11^^(323)^1 ^^^1 

<48> £ 5 ^ £. 4 ^ dDlB^^l^El ^ #S^^^S1 ^71^ £Al*V 5L^olcf. 

<49> S. 5°fl 5*]^ H >«q. ^-ol ( p ^ 6H^^(ioo)S1 ^«-ofl ^(37)^1 ^^S)JL, p^ Ifi 

(37) ^Hl cMB^l^S] Tllole o^-g- EL5±o)w^^?.)^b\o\ afl2^ u <HMiHiiM H 

(36c)7> p^ oflS|# ^-oU H^^^H^^l^E^Sl 7llolH(33)7l- ^^^4. c^ 7 ]X\ 

, ^l2^^iB^l = (36c)i4 H^^H^^o} 7llolH(33) o>Eflofl Tflo] e^^^(101)o1 
^-^slJl, ^2^ u o v ^iH5l-olH(36c)^- H€^H^^l^B^3l ?fl 01^(33) <£^t*ofl zj-zj- ^jEfl 
°H (102)7} ^^^4. 
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<50> ZLejjl, ^]2^ y o v ^^H5|olH(36c)2|- HiSi5|I^1^2] 7flo]H(33) *>°H 

^J=(FD)7> ^^M, cHH^l^Eio] ^-Sr £-^#<y-#(39)°l z\}2^^^°] ^(36c)^ 

B 11 BF 2 # 20~40keV^1 °1 -8r^r <?H M *1 ^ 1.0E12~9.0E13£) o]^^^^^ ^ 

<5i> nelJL, ^l2^«oH^BefoiH(36c)^ B ^^B^l^ °1 7flo]H(33) ^*\- #3.^ 
^icJ=(FD) -tf^ofl #BlA>olc (salicidej 10 4)7> *§^sM, ^2^« 0 >^iBe1-olS(36c)st(- B€ 
^B^l^E^ 7llolB(33)l- ii^r ^^^^-(103)ol ^^slJl, #^^^^(103)^: ±\^f>} 

<52> 5E 6£- .£ 3^1 £^1=1 ^skh^l ^l2eflcl^£.ol4. 

<53> £ Q6\) ti}sq- ^-O], i£Cfo]^.c 7 ]. ^11*^^^(31)21- ^1%^^^ (31)^1 

SA^^LJfEi <3^£H *ll 1*^^(31)21 Bf^ S^sH ^^51^ ^I2%^^^(32a, 
32b, 32c)°-S. ^^cf. 
<54> #3^B^, ^l«-^^^(31)^r cfl^^l tNJ-SM, °1tt S. 

^o)SL^9) f7M^|- ^nl^Vcf. ^, ^^ifl 5LSc}ol^c 7 > f>}^ Hi 

M-Bfifl^ €^B^(fin factor)7V ^efl 7l#ofl til*fl ^7>^;i}. ^Hfl7l#o]j BBcj-ol^. 
£-7} fe- *^^ 0 1 ellolo^^Ai ^5}-^ ^ ^ a^^g- ^4RV <3®H I^^l 

4^ ^^7} ^o^cf. 
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ZLB^JL, *fl2*>8<3^(32a, 32b, 32c)£r *Hl%^ <3 <3 (31) tf-M $^3<H JLE| ^Eflcq 
fc^Stei* l^^ti), ^1*^*8^(31)^1 ^11^^(323)5}- ^"71 *fl 

l<3^(32a)i5.3.-*fB} ^11*^^^(31)^ eJ.* ^e] « 0 H^S. ^ *ll2«S<3(32b)3h ^12^^ 
(32b) £-3.^ ^11*^^^(31)^ S.*\iHv}x] ^3^^(32c)^ ^£4. W<\ , *U 

°o^(32a)^r H^islm^^liEi * #S-^^ic^7> ^€ <83°M, ^I2^^(32b)^ 3=2}- 
°1 tLB^^s}- |^EE^liEi7f ^I3^^(32c)^r ^^^cKVDD)^ S} 

^3=^*1^7}- ^^^14. °H, *i|2<8^(32b)£- €(37)ofl ifl^SlJl &t)-. E} 

^H^fl^liE^ je=&M w.B^^l^E|7> ^^S)^ *f|2<3«3(32b)°l ^^B^fl^liB}^- M^3)H 
^xl^Ei7l- ^Sjfe ^l^^(32a)3}- *H3«3«U32c)G.3. efl °1 o}-g-^Hl ^ ^s}tn S p t§ 

^(37)^1 c$<*o) + olcf. ol^ ^Efl ^7>S} ^Tll^^l 4^ ^^2} 37l7> 

iH^ Ifis} ^3=- ^*V7fl i-line ##^35.S ^^1^1-7171- #2fl 71^5} # 

^-e}^, afll*^ ^(31)*}- ^12%^^ ^^} *U<g<*](32a)?l -#^1 S^i^H^H 

7flo]H(33)7> fl*]*teL, ^1*^«S^(31)4 z\]2^<$<q$] afl3<3^(32c)# # 
jfofl el^H^l^E^ 7flolB(34)7> afl2*>S<8^ *fl2<3<*!(32b)^ Bfl^s] 

^ iH5}o]H(35a)s} >hi=e}-olH(35a)S.^-El ##£|<H *ll2<3 ^ (32b)£) Hl*HRr « c v 

^<L5. Bfl^l^ l-#^-(35b)S ©l^-o^ |^ee^|a e ^ 7fl°lH(35)7> ^^t}-. cc^H, 
##-¥-(35b)^ ##0} ^ll#^^^(31)^ it^s)*] ^o]-i- £jl ^A^cf. 

nslJi, H.e}-oi y.E^^^ E ^ 7llolH7l- *H2«^<3<3 tf-M ^^sl^cfl, e}^H^^l^ 
E}S} 7flolH(35)S} ^ofl $1*1 SH ^12%^^^5} ^]2<^^(32b) ^# 7>S.^s^ *fllf^Kl= 
^BS}-o] = (36a), ^ll^ H oH^i=2+ 0 lS.(36a)^-^Ei 42^^^s] (32b)^}- 
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*)l2<3^(32b) 7>S^ls.^ ^|2f^iS2}o]£(36 c )S t^^. nJ-sH . j=5f 

o!he^ 7 ]a E ^ TflolB^ I^HS^l^s] ##Jf(35b)» 

B-]^ TflojH 3*Hr c^H^N^E^r ^12*^^^^ 1<3^ (32a)°l ^12 

^^(32b)<Hl ^^5l£^ *Vt}-. ^B^-ol ti.E^^^E^ 7])o)^ ^ cHH^liE^ 711 olB^ £ 

3^1 53 t^^A L ^ £( p D )4 ^sjfefll, ti>^^>7im ti-^^lafl^l (bridge 

interconnection, 40)* -g-*lH tLH^l^Ei 7HolHf tS^^Aj t cs!|. <£;||X|^ £ 

4ofl ^-BJj^ ^>l4 Dl ^Al^lcf. 0>^E^ Ji^*ltill^(40)* ^ 

^3*1 VDD CT, Tx CT, output CTtt £ *g*$2>\ #$$-±2) M1CT* M-^tfl^ ^ o_ 

S, £ 6^1 3711^ M1CT7> *§s§S)o] 91^-. °1tt ^£fl MlCTSl ^7> 57fl<?l ^ 4?\{S. 

xr ^2^w 0 H^H&r°lH(36cH] 2)n ^^sl^c-fl, ^l2^«j-^ 5 e)-olH(36c)^ ^5.^ # 
5.^^>^=7> *g^« ^lll^^(32a)^ ^^-^1 ^J-^ ^ §-^^°g-#(39)* SHr*}. ^, 

^^^^(39)^ ^l2^« < J-^He r olH(36c)^ ^ll^^(32a)^l Q^v}*} SL*\^$\ 

^ ^^^^ ol^r^^^^l^. 
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<61> J£ 7^ £ 6^1 ^njE^^l^Ei ^ f-^ig SKViJEL <£) &7)^ o^-g- ^ S^cf. 

<62> £ 7 ofl iA]^ ^-ol, p ^ ^2)^(100)^ o^ofl p ^ ^(37)ol ^^£)JL, ^ 

(37) #<H1 7flo]E ^^-o. ^^j^E^ ^f^^B^lH. 

(36c)7l- 3>S5M p*g ofl2)# B^^B^l^^) 7flolH(33)7> ^^^cf. 

, ^2^«j-^Se}o]2(36c)^ B^s)Hi#*l>iEi<3} t]HB(33) a>eJM TlHH^^aoiH 

^^SlJl, *fl2^lKI=imeWH.(36c)2}- H^i^H^l^^ >IMH(33) <#s^ ofl zj-zj- 

°H( 102)7} ^^^cf. 

<63> ZLSlZL, ^l2^«j-^B^ols(36c)Sf B^fli^B^^liBlo) 7flolH(33) A>olo]l ^^3} 

*>i^E=(FD)7} ^SM, ^nlHSH^l^Ei^ ^ S^*i^(39)°l ^l2#«o 1 '^Bel-ois(3 6c )o) 

^2} fe^JKb2nl=(FD)£| <^°fl iLt±1^5H olufl, ^o. g.^Oj-* 

(39)^r B 11 BF 2 « 20~40keV^ ol^^m^l ^ 1 .0E12~9.0E13^ £^3. °l£r^*H 
3^3; ^^-S, ole^v ol^-oi^ ^ ^^[^^o.^ ^#<y-(V op H5}:n. ^]iLt} ^ 

<64> HS]J1, *l2^*8=iHB}°l=(36c)2} (FD)» ^71^ 

*]wfl*K40)°l ^2^«o 1 -% 1: ^H^olB(36c) ) ^2llc»l^(i02) ^ #^sH^JEl(FD) 

^ 0 l£r^£- ^3)1^1^(102) ^<HlS ^A}o] t= 7 } t }7] ^O.^, E|E}%- 

f^j- ^ l^e]^ -MAl^ Tj^-ofl^r i*fl°H ^ofl #&)A>o]^.7l- ^^£1^1 &o} *fl2f^>V 
^ H ^olH(36c)Sf #S^^-^=(FD)1- <a^SRr ti^xltifl^ol go^]^ ^ tt 0 V^^7l ^ 
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<65> SAl^^l ^r^nv, £ 54 A2&^*3.Q°\2.(36cW B^^H^l^ 

4 7llolH(33) #^4 (FD) #34°1^-(104)7> ^ &4. 

<66> £ 7 ofl £Al^ tij-^ ^o], ^l2#«o v ^B2MH(36c)2l- l-S.^^ic^(FD)« 

ol-g-^H ^7l^AS a^sea-g- ^sfls. S)H.S. MlCT^l ^ 

<67> M. jA^e) 7l# A>Aj-£- ^-71 ^ -*UHH Uj-Sj- ^ O.S. 7l#4&-2-4, 

4 7l# -§-0)0} f^J-oj ^§-7>E^^ ^4 7l# A>^ ^AH7> 7>^ 



[^4 Jl41 

A o v #tt 44 ^ ^ o. vi]o]B|ti. NMOSFET^l <3H=-i- 4*14 #°JS4 ^4°fl € 
4 ^^-i: 371] ^ di44 ^Tfl^^ofl 4= p ^ ^ ^ 

^JL, SHfclELSf = 4°1 «-B^1^4 7flo|H» 4^^! 31^ *i^4 ^"fr 

°l-§-4"4 3 3 ^44.2.3.4 >0s^i^jL#ol t£aJ-£] ji ( o}*-^ sefloj ^7]. #^]-a} tij\EL^ 
4*fl^- ^ flfe Jl44 $14. 



<70> 
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1] 

as^l^El ; 

^ 7R]£] #^^o)i 34=^ ^BB^l^E] ; ^ 

2] 

*l*Rr H^lr^o] 5}-!: n] ^ aj]a^ ^^Mi. 
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3] 

^lll^l 

4] 

^)1%H1 $a<^1, 

13 5] 

^li^Hl S^i, 

3. ^d7l2]0S ^J^- ^IS ^ ^l2.>i o] cl xl ^]A^ t^sMi. 

[^T 1 * 6] 
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7]*\o_3, 53 # ^£-5. *>fe *]£.^ oju]^ ^<£| #$)5t±. 

7] 

8] 

#7} ^1)2%^^^^, 

7> ^€ 
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-ir 5.f-*Hr *>fe *lJ2.i o]u]x] ^o) 

1 

9] 

[^t 1 * 10] 

^2^ tf^-* 7l-Sx)Hb ^I^^BbHH; 

eM = ; £ 

1- S.^}^ ^8-2-3. t}^ M}5L+ o]v]x) a^9] 

111 

^llO^Hl 91°}*], 
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#7] ^}2^^^o]S.$] $7] all 2 ^ Si °J^-°ll ^Alofl ^^s|^ t ^-71 £ 

3 if"^ ?j-g- J*3J ©.S o] nl ^1 xfl^ o} #^3^. 

12] 

iiL ^71^ O.S. <M*1 ^ *l5Li Olul^l ^5}-^. 

13] 

[^^■* 14] 

^113*oHl 5£©H, 

^-71 ti^H)]^ #^A>ol envoi 3-8- ^ ©1*1*1 A^o] ^S^. 
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